Knowledge of infiltration characteristics of soils is necessary for designing quality soil management and conservation practices on agricultural and urban lands. This is predicated upon accurate evaluation of the infiltration characteristics of the soil. A study was conducted to evaluate the effect of three land use practices, namely, oil palm plantation (OP), bush fallow (FL) and continuous cultivation (CC) on the infiltration characteristics of soils formed on sandstone parent material in northern Akwa Ibom State, south-eastern Nigeria. Infiltration was measured with the double ring infiltrometer for a cumulative time of two (2) hours and the data generated fitted into the Philip twoterm infiltration equation. Results showed that differences in final infiltration rate (i f ) and cumulative infiltration (I) were significant (p≤0.05) between OP and FL. Also, there were significant (p≤0.05) differences between OP and CC in initial infiltration rate (i o ), final infiltration rate (i f ), cumulative infiltration (I), and sorptivity (S). However, the trend was OP>FL>CC. Differences between FL and CC were not significant. Generally, low infiltration characteristics were recorded in CC than in FL and OP and indicated the degradative effect of continuous cultivation on soil properties and crop production especially where crop residues are not incorporated into the soil. Results from OP and FL suggest that occasional fallowing may be necessary to alleviate infiltrationimpeding soil surface conditions and improve soil and water conservation for crop production in the study area in Akwa Ibom State.
INTRODUCTION
Soil water is one of the principal factors limiting the growth of plants not only in the arid and semi-arid environment where total crop water requirements usually exceed water supply, but also in the humid environment where poor rainfall distribution and water management result in occasional water stresses (Musa and Adeoye, 2010 ). An important soilecosystem function is the enhancement of soil water storage and minimization of runoff and erosion (Lal and Shukla, 2005) . This process is controlled by soil biophysical interacting forces which create a stable soil structure with enough macropores to rapidly transmit water. However, soil that is continually disturbed by tillage and other anthropogenic activities often loses its resilience and develops poor structural characteristics, including surface sealing and crusting, and consequently reduced infiltration and high runoff and erosion. This is because intensified land use primarily affects soil's intrinsic and dynamic properties including soil structure and structure-moderated soil properties. Infiltration is the entry of water into the soil through its surface (Lal and Shukla, 2005) . Its rate is the flux density of water flowing into the soil per unit soil surface area (Hillel, 1980) , and cumulative infiltration is the total quantity of water that enters the soil in a given time. Infiltration is a primal factor in soil hydrology because it determines the amount of runoff during a rainstorm and the amount of water stored in the root zone and groundwater recharge (Pla, 2007) , the entrainment of the passenger chemicals (nutrients and pollutants) dissolved in it (Kirkham, 1994) and soil erosion. Infiltration is affected by the inherent properties of the soil such as soil texture and soil structure, which in turn affect the pore space and matric and gravitational forces, and initial moisture condition, the rainfall pattern, and land use and soil management practices (Hillel, 1998) . Quantification of infiltration is necessary to determine the availability of water to crops and to estimate the amount of additional water needed for irrigation. It is also needed in watershed management to predict flooding, erosion, and pollutant transport. Thus, understanding infiltration and the factors that affect it is important in determining surface runoff, subsurface water movement and storage within a watershed (Skaggs and Khaleel, 1982) . Soil textural characteristics, specifically the percentage clay and sand, affect infiltration, because they determine whether infiltration rate is dominated by gravity forces or capillarity forces, under a given rainfall intensity. Infiltration is gravitydriven in coarse-textured soil and capillaritydriven in fine-textured soil and is higher in the former than in the latter (Godwin and Dresser, 2003) . In addition, soil texture directly affects soil moisture redistribution through its effect on soil permeability and on the hydraulic conductivity, which expresses how easily water flows through the soil, as well as the water holding capacity, and ultimately the infiltration rate. Soil structure and its surrogate, soil aggregates, influences infiltration characteristics and have been used as a good indicator of changes in soil physical and biological properties (Radke and Berry, 1993) . Well structured soils have optimum infiltration rates at varying moisture levels. Mukhtar et al. (1985) reported that the presence of macropores determines the amount of water entering the soil. Increased infiltration rate associated with well-structured soil decreases surface runoff and in turn reduces soil erosion. Radke and Berry (1993) observed that increases in soil bulk density due to soil use and management, e.g., tillage operation as well as raindrop impact, reduced infiltration rate in their study. Gumbs and Warkent in (1972) showed that a large decrease in infiltration rate resulted from a small increase in bulk density. Conversely, infiltration rate increases with reduction in bulk density Shukla et al. (2003) .
Water infiltration into soils is highly sensitive to land use and soil management, which can the nature and properties of the soil surface resulting in the alteration of the hydrological balance and the infiltration characteristics of the soil. Also, soil hydraulic properties such as water retention capacity, saturated hydraulic conductivity, infiltration rate, sorptivity and transmissivity are affected differently by land use practices, due to the accompanying changes in soil's intrinsic properties. Selby (1972) reported that the conversion of land from forest to pasture resulted in significant changes in the infiltration characteristics of the soil surface layer in central North Island, New Zealand, because the open structure of the forest soil had been destroyed by grazing. Similarly, in Angra, India, Agnihotri and Yadav (2002) reported infiltration rates that were greater in the forested land than in farmland. Similarly, in Ndola, Tanzania, Saiko and Zonn (2003) obtained higher infiltration rates in fallowed land than in cultivated land. In south-western Nigeria, Wilkinson and Aina (1976) reported higher infiltration rates into two tropical-forest soils under bush fallow (natural regrowth) compared to arable crop land where soil structural integrity had been compromised. Also, Amusan and Anderson (2005) found that soil texture and infiltration rate declined due to changes in vegetation and soil structural characteristics in south-western Nigeria. Similar research results have been reported in south-eastern Nigeria. For instance, Antigha and Essien (2007) and Osuji et al. (2010) reported highly significant (p=0.01) infiltration rates in bush fallow land than in arable crop land. Eze et al. (2011) observed that the infiltration rate of a sandy soil under forest was higher than under sparse vegetation and bare cultivation. Also, Osuji et al. (2010) reported significant relationships between steady infiltration rates and soil organic matter, bulk density, and total porosity. Shukla et al. (2003) , Bormann and Klassen (2008) and Haghighi et al. (2010) attributed changes in infiltration rates to soil hydraulic properties, porosity, soil organic matter and bulk density and different land use practices.
Akwa Ibom State is mostly a flatlying sandy coastal area of low relief. It is underlain by three dominant geological formations, namely, the beach ridges which together with the mangrove mudflats in the south bordering the Atlantic Ocean constitute about 20% of the State, the central level to gently undulating sandy plains covering about 75%, and the sandstone in the north. Annual rainfall distribution is erratic and often in storms, with the potential for soil erosion and water deficit. The natural vegetation in the State is the humid tropical rainforest which has almost been completely converted to secondary forest.
Land use is various, including tree crop plantation and arable land use practices. However, there is scarce research information on the effect of these practices on the infiltration characteristics of the soils derived from the sandstone areas of the State. This study aimed at evaluating the influence of different land use types on infiltration characteristics of the soil essential Effect of Land Use on Infiltration Characteristics of Soils in Northern Akwa Ibom State for designing improved soil and water management technologies to reduce soil erosion and for increases in crop production in the study area.
MATERIALS AND METHODS

The Study Area
The study was conducted in Ini and Ikono areas of northern Akwa Ibom State. The area lies between latitudes 5° 10´ N and 5° 30´ N and longitudes 7° 40´ E and 7° 50´ E, within a tropical climate characterized by two distinct seasons: the wet season (April to October) and the dry season (November to March). Mean annual rainfall is 2000 mm in the northern fringes with intensities averaging >25 mm h -1 (Petters et al., 1989) . The rainfall is bimodal with peaks in July and September and high intensity; relative humidity varies between 75 and 90 %; while the mean annual temperature ranges from 26 to 28° C (Petters et al., 1989) .
The study area is on the sandstone parent material, part of the Ameki Formation and the underlying Imo Shale, which comprises about 10% of the State. The soils are highly weathered and dominated by low activity clay minerals (Ojanuga et al., 1981; Petters et al., 1989) , are deeply permeable, have low content of organic matter, base status and water storage capacity, and are highly susceptible to accelerated erosion (Enwezor et al., 1981; Petters et al., 1989; Ogban and Ekerette, 2001 ). The native tropical rainforest vegetation has been almost completely replaced by secondary forest of predominantly wild oil palm trees of various densities of coverage, and woody shrubs such as Chromolaena odorata (Siam weed) and various grass undergrowth. The predominant land use in the area as in most of the south-east Nigeria is the cropping-bush fallow rotation. The bush/natural fallow has in most places been shortened to about four years, accompanied by the degradation of soil productive capacity and agronomic functions. However, the major food crops grown are yams, cassava, maize and vegetables (Petters et al., 1989) . There are also various ages of tree crop plantations of oil palm, cocoa, rubber, etc in the State.
Field Methods
The study was conducted in land that was cultivated to oil palm (OP), three-year old fallow (FL), and under continuous cultivation (CC) which were widely separated in space in the area. Three replications of each land use practice were identified and from each practice, three random soil samples were collected from the top 20 cm depth with a spade and bulked for particle-size and soil organic carbon analyses, and determination of water stable aggregates. Three core samples were also collected from each replicate with metal cylinders measuring 7.2 cm long and 6.8 cm internal diameter for the determination of saturated hydraulic conductivity, bulk density and field capacity and wilting point water contents. One infiltration run to a cumulative time of 2 hr was carried out in each replicate with the double ring infiltrometer method . The data generated were used to calculate the initial infiltration rate (i o .), final infiltration rate (i f ), and cumulative infiltration (I) from the Philip (1957) equation.
Laboratory Analysis
The bulked samples were air-dried and passed through a 2-mm sieve and used for the particlesize and chemical analyses. Particle-size fractions were determined using the Bouyoucos hydrometer method and total sand separated into fine sand and coarse sand (Gee and Or, 2002) , saturated hydraulic conductivity by the constant head soil core method , and bulk density and total porosity computed thereafter (Grossman and Reinsch, 2002) . The stability of aggregates to water (WSA) was determined by the wet sieving method of Yoder (Nimmo and Perkins, 2002) . Chemical analysis was carried out to determine the soil organic carbon content using the Walkley and Black wet oxidation method (Nelson and Sommers, 1996) .
Computation of sorptivity and transmissivity
Soil water sorptivity (S) which represents the ability of a soil to absorb or desorb water by capillary processes, and transmissivity (A) a measure of the ability of the soil to conduct the flow of water were determined graphically by fitting the approximate Philip (1957) algebraic infiltration equation into the field data. The primary data are measured values of cumulative infiltration I expressed in cm, as a function of time. The values represent the total amount of water infiltrated into the soil surface from the beginning of the infiltration test. Philip (1957) showed that the cumulative, one-dimensional infiltration commonly encountered in the field, can easily be expressed as a function of time, I(t), thus: 
Subsequently, the parameters S and A which were obtained graphically were fitted into Equation (2) to calculate the infiltration rate. The Philip (1957) equation is a mechanistic infiltration model because it is derived from the physically-based water flow equation, i.e., from sound principles of physics. The model was chosen because the parameters S and A give considerable insight into the hydraulic conditions which prevail in the soil profile prior to and during the infiltration process, and, excluding the development of infiltrationinhibiting factors, aid the understanding of the decaying infiltration rate with elapsed time. However, the curve-fitting procedure was adopted which converted the equation into an empirical rather than a physical model.
Statistical Analysis
The data generated were subjected to analysis of variance (ANOVA) at 5% level of probability, by fitting the completely randomized design (CRD) into the data (SAS Institute, 2008) as a tool for detecting differences among the land use types. Significantly different means were separated using the Duncan multiple range test. Pearson's product moment correlation was used to relate infiltration characteristics to soil properties.
RESULTS AND DISCUSSION
Soil properties: Results of soil analyses of the three land use practices are shown in Table 1 . The soil properties presented in the table are particle-size fractions (sand, silt, and clay), bulk density, total porosity, saturated hydraulic conductivity, available water content, water stable aggregates, and soil organic carbon content.
Infiltration characteristics
Data of infiltration characteristics presented in Table 2 show that the oil palm (OP) land use was similar to the fallowed system (FL), but significantly (p≤0.05) different from the continuously cultivated system (CC) in their effect on the initial infiltration rate (i i ), i.e., at the time scale of this study. The results also show that FL and CC were similar in i i . The i i
in OP was about 51% greater than in FL and about 67% than in CC. Similarly, the final or quasi-steady infiltration rate (i f ) was significantly higher by about 54% in OP than in FL, and about 72% than in CC; FL and CC were not significantly different at the 5% level. Considering the effect of the land use practices on soil properties (Table 1) , the soil under the practices in the study area was similar in texture, but the soil under OP had significantly (p≤0.05) lower bulk density, higher total porosity, saturated hydraulic conductivity (Ksat), and soil organic carbon content and could explain the observed higher infiltration rates in OP than in FL and CC. This demonstrates that infiltration excess or Hortonian overland flow may readily occur in CC with low i f than in OP with high i f . Soils that are continuously cultivated usually experience degradation of soil physical attributes in the soil surface zone especially soil structure and structure-moderated soil properties, e.g., bulk density, total porosity and pore-size distribution, and hydraulic conductivity. Such degradation is common in low resilient soils and under the traditional soil use systems in the humid tropics. Burch et al. (1987) reported that agricultural soils, particularly seasonally bare soils, exhibit lower infiltration capacities and less macroporosity than do forest soils. These results also demonstrate that the effect of soil texture on infiltration rate was probably masked by the land use practices and soil management, which agrees with the fact that water infiltration into the soil is highly sensitive to land use and soil management, as also observed by Lal and van Doren (1990) .
At the commencement of infiltration, the rate is usually high (i.e., theoretically infinite at the initial stages of the process) when the soil is unsaturated and the suction gradient across the soil surface is very high and predominating, but decreases to approach a constant quasi-steady-state value, the limiting rate of water entry into the soil, also referred to as the infiltration capacity or the maximum rate that the soil can absorb water. Therefore, the results of this study with high i i decreasing to low constant or assymptotic i f toward the end of the cumulative time of two hours are in agreement with the theoretical concept of infiltration.
. The decrease in infiltration rate into the coarsetextured soils in this study could however be attributed to several factors: those operating in the soil surface, e.g., dispersion of the much that existed as aggregates or slaking and surface sealing or clogging of soil pores relative to the land use and soil management practices, and those factors that operate within the soil profile, e.g., decrease in matric potential or suction gradients and increasing moisture content with time. Closely associated with these factors are the inherent soil profile characteristics, especially soil texture and structure properties that also affect the hydraulic conductivity and the antecedent soil moisture content. Generally, soil texture exerts the most remarkable effect on the infiltration rate when water supply is not limiting, and it determines the duration of time to i f and whether infiltration is gravity-driven (common in coarse-textured soil) or capillaritydriven (common in fine-textured soil). However, despite the coarseness of soil texture, absorption or capillarity-driven infiltration may have been responsible for the high i i .
The data of i i and i f decrease from OP through FL to CC, and indicate that under the high intensity rainfall conditions common in the area (>25 mm h -1 ; Petters et al., 1989) , soil under OP would continue to absorb water with its significantly lower bulk density and higher Ksat (Table 1) , while water would have ponded and runoff initiated in CC at the end of the cumulative time of two hours. In the study area, ponding could readily occur on cultivated land even with rainfall intensities less than the average 5 mm h -1 because bare cultivation is the rule, but may be delayed with surface cover as shown by the fallow (FL). The low i i and i f in FL compared to OP may be due to slow rate of soil physical regeneration from cultivation which is predicated on low soil resilience i.e., low soil's ability to recover from crop production activity associated with soil physical degradation (Burwell and Larson, 1969; Agassi et al., 1981; Warrington et al., 1989) . That is, the three-year fallow (FL) appeared to need more time to regenerate soil structure and structural properties and to influence the soil attributes comparable to the results observed in OP. Turner (2006) observed that the time under which a soil was left undisturbed as represented by the different land use types (OPP>FLL>CFL), reflected on the values of final infiltration rate and cumulative infiltration in their study.
Cumulative infiltration, I, was also significantly (p≤0.05) higher in OP than FL by about 53% and CC by about 72%. The data show that the soil in OP maintained a more open structure that allowed higher total amount of water infiltrated than FL and CC, as also reported by Babalola (1988) . The data also show that if the land use practices received water continuously for two hours, the maximum amount of water that would infiltrate per unit surface area would be 54.86 mm, 26.02 mm, and 15.02 mm, respectively, in OP, FL, and CC. Compared to an average monthly rainfall of about 250 mm (for the rainy months only), the data suggest that much of the rainwater is not only lost to the soil through infiltration-excess overland flow but also has the potential to degrade the soil through accelerated erosion in the bare cultivation soil use systems common in the study area. Osuji et al. (2010) and Eze et al. (2011) have reported similar results. Similarly, the data of soil water sorptivity, S, in Table 2 show that it was significantly (p≤0.05) higher in OP by about 84% than in CC. The differences between OP and FL, and FL and CC were not significant. However, the order of differences in S was OP>FL>CC. Differences among the land use practices in soil water transmissivity (A) were not significant. Also, the order of differences in A was OP>FL>CC. The rate of infiltration into unsaturated soil depends on the OP is oil palm plantation; FL is fallow land; CC is cultivated farmland; io is initial infiltration; if is final infiltration; I is cumulative infiltration; S is sorptivity; A is transmissivity transmission properties of the soil, i.e., on both the absorptive and conductive soil properties, namely, the S and A. While S predominates at the early time infiltration process, A is related to the hydraulic conductivity, the permeability coefficient, and represents the effect of gravity at large time. Also, while S is initially high and the factor affecting infiltration rate in unsaturated soils because of the prevalence of a steep suction or matric potential gradient across the soil surface, the A parameter ordinarily predominates at large time with increases in moisture content after the commencement of infiltration. Both S and A are sensitive to the soil's pore-size distribution and the initial water content. The soil in this study was predominantly coarse-textured which indicated that pore-size distribution was skewed toward macropores or drainage pores. However, absorption infiltration predominating initially determined the infiltration rate into the soil and decreases over the time scale of this study. As infiltration proceeded in time, A played a more significant role in the dynamics of infiltration, which in this study is indicated by the higher values of A than S. The results show that i i and i f , compared to the rainfall intensity, and S and A, and I were generally low. The implication is that a great proportion of the average annual rainfall of about 2000 mm which usually comes in storms of high intensity is lost as overland flow with the potential for massive accelerated soil erosion on the unconsolidated sandstone material. It is therefore not surprising that there are over 260 gully erosion sites in the State alone (Petters et al., 1989) . Furthermore, the soils in this study, like those derived from the adjacent coastal plain sands to the south, are deeply permeable. Consequently, if rainfall intensity was less than the i i or higher than i f , the soil would continue to accept the rain water and ponding and runoff would never occur. The soil would continue to absorb the incoming water until the matric potential gradients near the surface diminish to the point where the water cannot be taken up by the soil profile as fast as it is entering through the surface. As a result, the surface saturates and ponding develops. This is however not the case. The rainfall characteristics (mostly, amount and intensity) have been implicated in the low infiltration characteristics in the area. That is, so much rain water in excess of the infiltration capacity of the soil comes on the soil surface within a short time, because notably air is entrapped and pores clogged resulting in low rate of infiltration, rapid ponding and runoff. However, the infiltration characteristics were higher in OP than in FL and CC. OP land use practice would therefore experience no infiltration-excess surface runoff or the socalled Hortonian overland flow due to its high infiltration capacity and cumulative infiltration and transmission properties. The relationship between infiltration characteristics and some soil properties across the land uses was evaluated using Pearson's product moment correlation coefficients (Table 3) . Results of correlation analysis showed that i o, was positively significantly correlated with TP (p≤0.05) and OC (p≤0.01) and negatively significantly correlated with BD (p≤0.05). i f was positively significantly correlated with TP (p≤0.01), Ksat (p≤0.05) and OC (p≤0.01), and negatively significantly correlated with FS (p≤0.05), silt (p≤0.05) and BD (p≤0.01). I correlated positively significantly with TP (p≤0.01), Ksat (p≤0.05) and OC (p≤0.01), and negatively with FS (p≤0.05), silt (p≤0.05) and BD (p≤0.01). S was positively significantly correlated with TP (p≤0.01), Ksat (p≤0.01), and OC (p≤0.05), and negatively correlated with FS (p≤0.01), Silt (p≤0.01) and BD (p≤0.01). A was positively significantly correlated with OC (p≤0.01). These results indicated that increases in soil OC which will improve pore space and bulk density, facilitate water absorption into the soil.
The results also showed that the soil properties with significant correlation with the infiltration characteristics namely FS and silt fractions, BD, TP, Ksat and OC are related to soil texture and soil structural characteristics. In particular, S, the component of infiltration due to absorption forces and a vertical gradient in soil matric potential in the early stages of infiltration is a function of these properties of the soil solid phase.A, infiltration under steadystate conditions at large time in the transmission zone, is functionally related to the saturated hydraulic conductivity (Parlange, 1975; White and Perroux, 1987) . However, the lack of significant relationship between A and Ksat indicates that infiltration was dominated by sorptivity and that a large elapsed time than the time scale in this study may be needed to infiltration capacity to equal the saturated conductivity of the soil.
The significant relationships between the infiltration parameters and soil properties indicate that soil management practices that maintain these soil quality attributes at an optimum level will invariably enhance rainwater infiltration, soil water retention and availability to crops, as well as control Hortonian overland flow and runoff erosion in the area. Gumbs and Warkentin (1972) , Wilkinson and Aina (1976) , Chancellor (1977) , Bormann and Klassen (2008) and Haghighi et al. (2010) have reported similar relationships between infiltration characteristics and soil properties.
CONCLUSION
The study revealed that the land practices had differential effects on soil properties and infiltration characteristics in the order OP>FL>CC. That is, continuous cultivation was particularly less favourable to soil infiltrability. The low soil infiltrability generally indicates low soil water storage and potentially high accelerated erosion and soil degradation. It further indicates that avoidance of excessive soil disturbance and maintenance of surface cover of vegetation as in the oil palm plantation, natural or planted fallow are essential to optimizing conditions for soil infiltrability, water storage in the soil, and availability to plants. These quality soil management practices will sequester organic carbon, stabilize soil aggregates and improve soil water infiltration for crop production and control erosion in the study area. if is final infiltration rate; I is cumulative infiltration; S is sorptivity; A is transmissivity; CS is coarse sand; FS is fine sand; BD is bulk density; TP is total porosity; Ksat is saturated hydraulic conductivity; OC is organic carbon.
